Radioactive label uptake determination. To monitor RNA synthesis, parallel samples of 0.5 ml were withdrawn into (i) 0.1 ml of ice-cold 50% trichloroacetic acid, and (ii) 0.1 ml of 5.5 N NaOH solutions. The trichloroacetic acid-treated samples were held at 0 to 4 C for a minimum of 30 min. These were then collected on glass fiber filter paper, washed with 0.05% trichloroacetic acid, and dried. Each filter paper was placed in a vial with toluene-based scintillation liquid, and the radioactivity was determined by using a model 2111 Packard liquid scintillation spectrometer. The NaOH-treated fractions were held at 37 C for 16 h, 0.1 mg of albumin carrier was added, and the samples were acidified with 0.1 ml of 6 N HCi and 1 ml of 10% trichloroacetic acid. These fractions were treated the same as was described above. Results from the NaOH-treated samples were subtracted 282 on October 26, 2017 by guest
The effect of low concentrations of nalidixic acid on ribonucleic acid (RNA) synthesis in Escherichia coli was examined. It was observed that RNA synthesis in exponentially growing cells was not significantly affected, in harmony with previous studies. However, RNA synthesis was markedly depressed by nalidixic acid during starvation for an amino acid or during chloramphenicol treatment. This effect was not caused by increased killing or inhibition of nucleoside triphosphate synthesis by nalidixic acid. The pattern of radioactive uracil incorporation into transfer RNA or ribosomes was not changed by the drug. The sensitivity of RNA synthesis to nalidixic acid in the absence of protein production may be useful in probing the amino acid control of RNA synthesis.
The antibacterial agent nalidixic acid (NAL), markedly inhibits the synthesis of deoxyribonucleic acid (DNA), whereas ribonucleic acid (RNA), protein, and lipid production are affected to a considerably lesser degree (8, 20) . NAL treatment of Escherichia coli elicits responses similar to thymine deprivation, and therefore this drug is frequently used to arrest DNA synthesis specifically (4) . The effect of NAL on macromolecular synthesis in nongrowing cells, however, has not been extensively investigated. Inhibition of DNA synthesis is reported to exist even in the presence of chloramphenicol (6) . But (14) .
Radioactive label uptake determination. To monitor RNA synthesis, parallel samples of 0.5 ml were withdrawn into (i) 0.1 ml of ice-cold 50% trichloroacetic acid, and (ii) 0.1 ml of 5.5 N NaOH solutions. The trichloroacetic acid-treated samples were held at 0 to 4 C for a minimum of 30 min. These were then collected on glass fiber filter paper, washed with 0.05% trichloroacetic acid, and dried. Each filter paper was placed in a vial with toluene-based scintillation liquid, and the radioactivity was determined by using a model 2111 Packard liquid scintillation spectrometer. The NaOH-treated fractions were held at 37 C for 16 h, 0.1 mg of albumin carrier was added, and the samples were acidified with 0.1 ml of 6 N HCi and 1 ml of 10% trichloroacetic acid. These fractions were treated the same as was described above. Results from the NaOH-treated samples were subtracted Colorimetric determinations, preparation of cell extracts, and sucrose density gradient centrifugations were performed as previously described (11) .
RESULTS
The rate of radioactive uracil incorporation into RNA was followed in logarithmically growing cells as well as in cultures exposed to NAL and chloramphenicol. The results shown in Fig.  1 indicate that, whereas NAL did not initially inhibit the net rate of RNA synthesis in logarithmically growing cells, this drug almost immediately depressed the formation of RNA in the absence of protein synthesis.
When the net synthesis of protein was halted by histidine starvation, the rate of uracil uptake into RNA diminished by about 70%, because in E. coli THU RNA synthesis is stringently controlled (12) . The residual synthesis of RNA during histidine deprivation, however, was also inhibited considerably by NAL (unpublished observations).
Determination of the RNA content of cells by the orcinol method (13) during NAL and chloramphenicol treatment gave results similar to studies of radioactive isotope incorporation. Therefore, the apparent interference with RNA synthesis is not caused by obstruction in the uptake of radioactive uracil into the cells.
Neither is the inhibitory effect of NAL on RNA synthesis due to an increased rate of killing. On the contrary, it has been reported that chloramphenicol counteracts the bacteriocidal action of the drug (6). We have confirmed this observation by viability determinations (unpublished data).
The synthesis of DNA of exponentially growing cells was markedly inhibited by NAL under the experimental conditions shown in Fig. 1 (1, 3, 6, 8, 9, 20) . Whereas this depression of DNA synthesis did not retard the production of RNA in logarithmically growing cells, it was conceivable that in the absence of protein synthesis there would be a closer coupling of RNA and DNA production. Thus, interference with DNA manufacture could impede RNA synthesis as well. We have stopped DNA synthesis by thymine starvation and determined the effect of NAL on RNA production in the presence and absence of chloramphenicol. In Fig. 2 we show that blocking DNA and protein synthesis does not inhibit RNA synthesis, but the inhibitory effect of NAL on RNA still exists in the absence of DNA production.
Cells pretreated with NAL for 1 h showed the same capacity to synthesize RNA in the presence of chloramphenicol as the untreated organism, provided that NAL was removed prior to the addition of chloramphenicol (Fig. 3) . In this experiment, the incorporation of glucose was used to monitor any differences between the NAL-pretreated and control cultures, due to possible differences in general metabolic activity. The results indicate that the NAL-induced changes in the cell are quickly reversed by protein synthesis, so that in separating NAL and chloramphenicol treatments inhibition to RNA synthesis cannot be shown.
Addition of NAL to chloramphenicol-pretreated cells resulted in an immediate inhibi- (15) and NAL inhibits this process considerably (Fig. 6 ). tion of RNA synthesis (Fig. 4) . In this case NAL appears to interfere with an on-going process for which the presence of chloramphenicol is needed.
Several laboratories reported changes in the cell envelope of E. coli after NAL treatment (10, 16 (17) . The manufacture of guanosine tetraphosphate is stimulated during amino acid starvation but inhibited during chloramphenicol treatment (7) . Since NAL is inhibitory to RNA synthesis under both types of metabolic restrictions, it is unlikely that the drug's effect is connected with the presence or absence of guanosine tetraphosphate.
The mechanism that connects the control of RNA synthesis with protein production is not well understood (see ref. 18 for example). Thus, further exploration of the mode of action of NAL in E. coli may be of value in identifying the process that operates in the absence of protein production and that appreciably influences the rate of RNA synthesis.
